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ABSTRACT : PROBLEM TO BE SOLVED: To provide a high strength steel plate exhibiting high impact 
energy absorptivity at the time of collision of a front side member, etc., and its production. 

SOLUTION: In the high strength steel plate having high dynamic deformation resistance, 

the steel plate as a final product has a structure composed of a microstructure which 

contains ferrite and bainite and where either of them is used as a principal phase and they 

form a conjugated structure together with a third phase containing retained austenite by 

3-50% by volume fraction. Further, in this steel plate, the average value odyn (Mpa) of 

defomriation stress at 3-10% equivalent strain at the time when predeformation of >0-10% 

equivalent strain is applied and then deformation is applied at 5x10^ to 

5x10^ (1/s) strain rate satisfies inequality odyn >0.766xTS+250 

represented by the maximum stress TS (MPa) at the static tensile test measured at 

5x10^ to 5x10"^ (1/s) strain rate before predeformation is 

applied. Moreover, work hardening exponent at 1 -5% strain is regulated to >0.080. 

COPYRIGHT: (C)1999.JPO 



BNSOOCIO: <JP 411ie9839A.AJ.> 



(19)0*H?*llFJt (JP) (12) ^ ^ 4^ 1^ ^ $g (A) (ID^I^aiSiiMS^ 

#^^11-189839 



(51) Intel. 




F I 




C 2 2 C 38/00 


3 0 1 


C 2 2 C 38/00 3 0 1 A 


C 2 1 D 9/46 




C2 ID 


9/46 T 


C 2 2 C 38/58 




C 2 2 C 38/58 








TtiS!^ ffi^^iDScH OL (^ 21 M) 




Wli¥9-360127 


(71)|ii«A 


000006655 












2p*K 9 ^(1997)12^265 




^S=f f^lHE:*:^l«r 2 TB 6 # 3 # 






(72)^§g# 


MS 






















(72)5gga« 


mm ^ 






















<m?tmm 










f aii&«»l^ilr;ir20- 1 UrBsttSSt^^ 
















^m± 5EB «!c (^1-3«) 



(54) ^m<o^m m^^mfi^^is,^^^<£>ismm'Rt^<Dsm:^m 



L . f*mif^-C' 3-50 %(Jm^^-y^ "r-i-^ h * ^tf 
m 3 ffi J: i7.)tS &fflaT'$> 0 . ^J^oTS SS-^T' 0 9b*3 i Q 
?oL:).TCJf-^mi4-:ttiik. 5 X 1 0^ —5 x i o 

3 ( 1 / s ) (r)m.^j&mmx'^^ itz^os-^io % 

i^)nBm.^mBiZi6li-i>^miJ<7^^i^ma d y n (hp 
a)/)'i^S:if5^4-x^^mi'.)5X 1 o-^-s X 1 Q-s ( 1/ 

s ) cm:^^m&m.mx'm^^i'Lfzm'o^j:3mT^mtzto 

iilB-k^ijTS (MPaXCi r-xmm^iXh^c d y n 
SO. 7 66XTS + 2 50^ill.}|L, ->6>o5P5ii 1 - 5 
J^ii'JSPHSftt&if 0 . 0 S 0 tUi5rji.Jg.-r -^iSv >S!ia^ 




BNSDOCID: <JP . 



.411ie9838A_l_> 



( 2) 



mwi^ 1 1 - 1 S 9 S 3 9 



*»'^±ffl.}: L . fta^^i-^T'S - 5 0 %^^)Sg^-X■r-^ 

0%'til 0%l^JlT(7)^^il^$r-^/-?tS. 5X10-' ~5 

;•: 105= (1 / s ) c7)^;^3$jg|g|g-<:-S:© L7-^b#c7.) 3 - 
1 0 .% C7)ffi S^A^IESK- tt ^ ^^ffJtD* £7)2FJ^|i c7 d y 
n ( MPa) i)'=i'Wfi r -^.t ■& 5 x 1 0 - < - 5 x 1 0 " » 

( 1 -s ) om?*-'m.^-^m'M.^ivtz^mts:^\W)^ 

m\Zii tt h S±Jt>tl T S ( MPa ) i -o t $ f l 1. 5^: c 
dynS:0. 7 6 6 x T S + 2 5 0 srjiEL . t^-om.^ 
1 ~ 5 ?o^'.)t)Dl51 fWM^:*^" 0 . 0 S 0 tJ,± M/^-f ^ CI 

[ If* Jfl 2 ] WlZ.m^fm^ X 1 ~ 5 %«SDX51 
0%'ai 0?ol:UT<7>?^2r-¥-.t/ific. 5x102 ~5 

X 1 0 5 (1 / s ) cfym^mmMmx-'^m t tcmc^is-- 

1 0%£')fflS^;^«Effl(Ci3(t^^iBJSi]c7:)^J^ii£7 dy 
n (MPa)3&Ji=^S3i^^-^7:-|.1lr<7)5x 1 0-«-5xl 0-= 
(I s) c7)S;z*3ISiESlT«$il/^Sf6^'5:?l5fiOK 
^:(.c4-:JltSft±loi]TS (MPaXCi -.-r^JI^il^stcr 
dynS:0. 7 6 6 x TS + 2 5 0 2rji.ig.L s A^O. 1u 

IPS I M n e ci =M n + ( N i + C r -t- C u -l-M o ) 
,/2} (Ci-^T^^it'&fl (M) M=67S-42S 
X C C J - 3 3 M n e q 7 0 UJJi 2 5 0 IcUTT' J:> 

0, se(c. "f-^i^^t^m^MWr^-^^^^-f-^ htm 

h#:|g:ii-^^'.) 3 0 %y.±T'S> 0 , *'->l6.JV 1-5 
%(nmM\tnW 0 . 0 S 0 tJJi*rSI JS.-r -2. d t 

%SiSifB«iSi: . iffit-J)^ 7 X i7--f hi, t < {i^-f -f 
Wf 1 0 /.< jriJ.:J.T - iff ^ L < ti 6 mJ.:J,T-C'S=^ i>Ztz: 

wmtt^^iMJ^ 1 - 3 i7.^(Rrft//» 1 JB(cie«ji')"^^ ^mn 
[ mTim 5 ] v/i r > -9- -f I- c^mn^m/f 3-30 



5\'?OOC'D' <JO „ _ ^1 1 169839 A_ I > 



msme ] Huie7 x ^-^ hi7>ft«ifW/4 o%tJLh 
X'h^zt 7:'imft^mm 1 - 5 fjRii** 1 jkcie 

^f!)6^3:ff?«tji -5.^«5t K^^S .. 

[!f^iH7 ] mrjt-A^s 5 %i:).T. 3m^^ ■<±m'^ 
iTMffi 20. 000 \:l±Xh i> z t ^WSi ft^tnm 

m^ms] Huie^isAx mM.%x\ c 0. 03% 

JJJI±0. 3%W,T, S i > A 1 cr)—:fjtfcl3LM-fJz:-^if 

X'O. 5 %m± 3 . 0 %i:xT > *e-iS(cfD i: t m n , n 

i. Cr. Cu. Mocr,imtfcii2mi:JJi^MiX- 

0. 5?4i:)±3. 5%i:iT^^, mm//F d^m.'^t 
f w t immti-^^mm^M 1 ~ 7 <7>(Bia7!?» 1 mztm. 

X\ Nb. Ti. V. P^/i{iB;7.)iaifv:ii2ail':iJi. 
Nb, Ti, Vl;iot->T{i:. ^il''5<7)ia^Jt{i:2 

atXii^-^tK'O. 39oJ.::i.T, pjcfct^rtio. 3%w 
T. Biztiv^xito. 0 i%i:xT^t^i-i'Zt^mwi 

[itj^Tfi 1 0 ] Byfe«^is*x mzizmzm tx . a« 

%TX C a : 0 . 0 0 0 5 %1;Ul 0.01 ^WT, R E 
M : 0 . 0 0 5iV±0 . 0 SXlilT^^^-r^ Z t a:# 

mitimi 1 } mM?oX\ c-. o. o3?o1:jjio. 3 

S i A 1 CD— IjtfzltMlfi Mi-X-O . 5% 
iV.±3. 0%l^XT. iZmzmtXMn, Ni, Cr, C 
u. MoiOim/-(i2ffly.±$-Mtt-0. 5%I.Xh 
3. 5%lTFk^. WiZ'Jd'micmiXNVj. Ti. V. 
P. B. Ca. REM<7)im^tzii2mi:J±^. Nb, 
Ti, vizt5\i^Xli, ^iit:>(r>im^tii±2mXt^'^ 
ItTO. 3 5V,tJ.T, PlZiS^^XiiO. 3%tJlT, BlZio 
V >T ti 0 . 0 1 %i-:J.T , C a izio V^XltO. 0 0 0 5 % 
W.±0 . 0 1 ^oOT, REM : 0 . 0 0 5 W±0 • 0 5 

fflifz'mznmMB:Lfzm. bml. ats -5or- 

A i-s +12 ov.<r>i&m<r)^t±±ifSi^X'Bm^^TL. 

m&iz3\^ ^ < •smmmx'C'yw-i^i^mm^^ 5 'cy¥A:i 
^x'i^wm. 5 0 o'cuTi')iasT^&ffj'2. :: t *ri#m 
t-t^^^mmmc^:) s. 9 qja^*' 7 x ^ w to i - ^ tz 

^T- 3-50 < h «r ^tf^ 3 ffl h i"; 

tS^ffllST- -.t, ') , *^offl^S;^i:-0%t31 0 %feJ.Ti7.^i^ 
^^?fj2:4-.t/::f?e. 5 x l 0^= -5 M 0^ ( 1 / s ) <73 
S-^i2^«Effl-C'S;ff5L7^cBt£7.)3- 1 0 %f'JlS ^SAiKH 
C^j(t-5.^ff5iD:*3<7m^fi<5 dy n kW^W^^i^^- 
Lhm<f^'S X 1 0-<- 5 X 1 0-3 (1 X s ) iOM-^AjlM 



(3) 



nm^^ 1 1 - 1 S 9 S 3 9 



S (MPa)t:i ■oX^^^ilh^o d y n ^ 0 . 7 6 6 x 

T s + 2 5 0 ^ ?SM L . t)-omi^i^5 %c7.mxm ttt^ 
m^m 1 2 ] HufEs*aiiotLh«f2as*«A rg - 5 o 

A 1-:: +12 0'Cc7.)ffl^KlI(C*5V>T , .>< ^ 7 i^— 
V't^^-V- : A*i. ( 1 ) ^fcil^ ( 2 ) 5S:*-il/^-9- 

: At^&KOiSe (CT) 
( 3 ) 5^*}il3^ci-i :) ^j:-^f¥X'mtMh Z t 

9£ 1 o gAS IS (1) 

ATS 2 1 X 1 o sA- 1 7 S •• (2) 
CTgex 1 osA+3 1 2 • • • (3) 
[IS5RJil3] m3.%X\ C:0. O3?o0JiO. 3 

s i hA 1 fj-:^^/-ii?iJ:^r^ftTO. 5% 

].:JJi3. O^UT. jE-St-E^tTMn. Ni. Cr. C 
u. MoiOl@^fj(±2a0.±$r^ltr 0. 5?oyji 

3 . 5 %i:).T^^ . mz^mzm t; t n b . t i , v , 

P, B. Ca, ¥lEM<r)imttzl,i2milLti . Nb, 
Ti. Vtcfci^tti. -?-ix^>c^l«i/^{±2ffil.2Lh^-^ 
Itt'O. 3%WT. P(Cfe^>r{iO. 3%feiT. BtCiS 
t-iTtlO. 0 1?o'W.T, CaCisti-CtiO. 0005% 
lyjiO . 0 1 ?„J;J.T, REM : 0 . 0 0 SJ-ULhO . 0 5 

fi^t'^foil-rSl^tC, 0. IX (AC3 -Ac, ) +A 
c 1 VVJ±A c +5 O'CWT^O^SST- 1 0 f j-^- 3 i^i^ 

mifz mz . 1 ~ 1 0 'c , fi'-<^-m^mmmx- 550- 
7 2 0 v<7.)^(7)—}r.<%mff±i&mtx'i%m l , 51 § 

v^T 1 0~2 0 0-C/#i^.)~<):^#39]iEffiTl 5 0-45 

ov<7)Zi'/:<%fflif±-iSifS.ix<mtfz'ik. i 50-50 

Ot:c7.))flSlESlT l 5#--2 0:5j-ff4#L. 

-r C > ar^tm h f -2. i^mmcy S nffli!i»' 7 X 7 ^ 

ffltL, t^m^mX'3~^5 0%<7-M^^-.X^^>! hi 

■^ts^smt c^m-^mmx-h 0 , a^ow ^ m-j^t 0 %n 

1 0%J:J.Tt^T^^-»J*r-^.t7tf*, 5X10' - 5x 1 0 
3 ( 1 / s ) «?>S A^lgisElt:-^ L B$i7> 3 - 1 0 % 
iOffi^SPV.JEHt-fc(t^S:*E^.-t]C7.)5pit)(ify d y n (M> 
a)A'r^il:5*-^7:^|ric0 5 X l 0-«- 5 x l O-^ { 1 - 

s ) i7mMmmmx'mm^iirz%m^j:3mjmmict:3 

l-f^^mizSoflTS (MPa)l::J;oT^Jg$iiS5^«y d y n 
i 0 . 7 6 6 X T S + 2 5 0 *:}i.^L , jJco^J^a 1 - 5 
%£7)Jjol5jEftt&^*«0 . 0 S 0 j;A±*riS.ig.i--&Si >ilia^ 



[ 1 4 ] mmmmm.mx'm^ i x mm^- 
msitti'mic. 0. ix (ac. -acj ) +ac, 
x:yji A c s +50 ruT<7.)}as-<:' i o 3 ^mn i 
fzmz . 1 - 1 or ipiD-m^fflm&X' 550-72 
0 'arMm(^~if.<%mmiki&mT q t xi%m l , ? 1 § 
v>-t: 1 0-2 0 o'c/i^/<')-<rj%^Mmx\ mn^^t 

MHiiaiST oT-^iSiSK : Te m- 1 0 on.:JJi. T 

- 5 0 vai. 5 00 V.l^Tc'.rMT oaXlS fJ'— 2 0 

Zs7n^-nit)^^±.mtl. f4:«:}j-^T'3-5 0% 

0- ^^-rJlB^M^T-O^otll 0 %J;J[Ti7:)T^3eiJ'Sr-%-.t7t: 

f*. 5 X 10^ -5x1 0* ( 1/ s ) (^mi^mmsm 
x'^itzf^<7)3-i o%c)i!smm^^mizi5if^m 

Jt-i]<7)Ti%fflc7 d y n (MPa) ii^T^Wii^l ^ HU^?.-) 5 x 

1 o-«-5x 1 0-M ix s ) (7.m;^mm&.mxmM$ 

■oX^M^ixh^ody n^O. 766XTS + 250 
L , 1 — 5 %<7jtinXJf fWMiSt-^'' 0 . 0 S 

0 i,:)±ims.i- %>ztimwit-r^ mi^m i s imi'M 

1000 1 ] 

mmut -i<r>mm-)imzmthi:><^)x%h . 

[0002] 

nm^W}&m:^^-tmA^('mmj^t'^xv^7^ . ^i,t 

j^-tmfixhmii,zz<r)X '>t£m\T:mm-tix{f, m 

z t x-mm^.'>j^-^^.>i'^'—/jm\si^ 
ix. mmz-f)^-/}^7^m^'tmmi-i> z ^/z-c-i' 
[0003] smm<^:>mm^tz:&-^,mfim'r?>m}<r>m 

1 0 ( 1 . X s ) H^Ei T-^':-> fzib , fi?:) 

iz^jL^^ii^-. CO, paiN9M*-stgL-<:siijmmft 

f.z>ihi,z^^^-mimmn(^)--:x-/j'mi o-ci »^ . 

[0004] rntli. *^Hflig'->{4. C AM P- I S I 
J Vol.9(1996)pp. 1112— 1115 

iz . iS54^s§@«c?)ffi3i^-imi± t ffi^x^v/i df^-igiR 

MitCOl »T^SL , 10-' (ly's) HSO 



BNSDOCID: <JP. 



.411ie9a39A_l_> 



1 1 - 1 8 9 S 3 9 



nm^mm.mMT(7)$m'mmit, i o-® ( i / s > (^m 
ft-t^zt. z(7)^x\ TR I p {^m.mmm\t) Si7j 

^•sf>D P (ysi^-^h /•riV'ry^i h 21f ) 

[0005] t-fz. glS7f-.x-r-^^ h *-irt;Wffi^1t 

Lxnm^i - 1 8 3 7 2^<kmz^i. m^mt^^ 

[0006] 

j^rK^iv^-mimzmi.tz^m^^s'ummnb lt ifo 

i:-^o^<^i}Hi^fimi:>fMZ^ixX\>^^j:\^. ttz. g«l 

mz s ssmtcffiA^ai n , mfp.cr>m^mmzmM-t^ . 
fz^^<7.mm(^)m^mc^.m^j^^y>i^'-wt^i^:)\i^±izt' 

[0007] 

izmmx^nx mm^ix^mtix\ m^^mmj^^^n ^ 

ioXtr 'ttzit'<^-i't-{ h^t:^!.. ^c?)^.-^^!*^*^^ 
i: L . Wm.'^mX' 3 — 50 X'r-r-iVT: & 

trSS 3 ta i: 50llS^fflaT'i5 0 s t^-^m S S^T' 0 i 

o%\:J:fO)=f^^^.z.fztk, 5x102 -5 x 1 o» 

( 1 / s ) i7jM-^3$.«iElSt'^-fliJt/-:B^c7)3 — 1 0%<p:> 
ta SS;=^KIS(Cfc It ^. SafJIEi] i^JTi^li ^7 d y n ( MF'a) 
//i^S'?BSr^/>.'2>Hiri0 5x i 0-'- 5x 1 0-«^ ( 1/ 

s ) <r)m.^mmMmx^m'm.i^ttfztm^j:^m^wik{:zti 

It Jg:^C-,t) T S ( MF'a ) <C J; o TRJSS ii?. 5^ c d y n 
S;0. 7b6XTS + 250 ^'t^^L . 1 --5 

%OjDX1ggfl:JgSft:<)«0 . 0 S oj;Ui^jiii.-r-2>St^SWt) 

%mm.mm-t^%mmmx'h o . 

( 2 ) ±12 ( 1) (Cti I, >T . W{ZU\m. $ X 1 - 5 



[0008] (3) ttz, fi*ie<J {Cl#iii-Ll.«Hf c'Ji 
a^iai/Z^x^ -f hiiXV^/^tz\i'<--^^-{ Vit^. 

ffil^A-c-0%^1 o%\:XT<r>'fWB^^-ti-z'ik. 5x 

1 0 2 --5 X 1 0 s ( 1 , s ) c;SP^i2SeS|-C-^-ff5 L 
/::B#c7:)3- i 0?o(7)1f ^S<^SESl{::t3(t^->^^fli>J£:^c7)2p 
a d y n (MPa ) -//T^-SiBr .1 -5. ty^O 5 x 1 0 - < - 
5x 1 0-? ( 1/s ) c7)^;^j$g|EH-CM^$il^c«fe<J 
'S:?!!! Ol3<:!5l(C*3(tl>ft±)Ei5i]T S (MPaXC J: -.T^Jg 
$ili)5t<5 d y n ^ 0 . 7 6 6 x T S + 2 5 0 ^rSIE 

W<7JT*^Mn^4 {M n e q = M n + ( N i +C r + 

C u +Mo ) /2 \ ^ZX'iX-ikthiM. ( M ) ijK M= 6 
7 S-4 2 8x i:c :i -3 3M n e cifjn 0\:J±2 5 0 

WTT'j)0 . mz=r'$m^^-thm<7m^ir-x^'>-^ 

b#«:Ji-^^3 0 %\:}.lrZ:hh r . 

1 ~ 5 %iOjDllg|fLt&lli*« 0.080 tJLhT'S) S C: i: . 

m.<r>i\Jfi. 0. btiTf, ±ffls7m^^fl*n OjumJa 
T . it i L < {± 6 fjL m UTT-f.) h I >: . "7 a f - > -^f -f h 
<7)f*W5^^//3-3 0%, Hul£-7'LT=->^t-f 
B^BtiS*^ 1 0 u mOT , *f i t < Ji 5 ml^JlTT-i) h ^ 
t , 7x7^1^ i^.)f*^:}j-^*S4 0 %UJJtTJ) S C i: . R 
ttJ-b*fS5%WT, ?l5fi§4$x^f*tKV:)jl*S2 0, 0 0 

QVJ±xhi>z t . ^)f5[ii//>'j iiji^^js*. ^iijam-Bifi 
[0009] (4)*/i. :¥mn<^>-mjmmi., n& 

%X\ C : 0. 0 3VoJ-:U±0. 3%tJ,T, S i tA 1 i?) 

— /^j±jf?:^r*-^itT' o . s 3 . o %y.T. 

Wt-EtTMn. Ni. Cr. Cu. Moi7)iat/>ti 

2 fiJ.:Ji±r mx' 0 . 5 .%tJji 3 . 5 %aT^^ . mm 

mmzmZ'£:WI<ZJxitX . Nb, ti, v. p. B. c 
a. REM(?MMi/c(i2®tJJi*-. Nb . Ti. VIZ 
iot^Tti, 'c-j-c<-:>c7)iai/c(i2i|iWJbar^!t-C'0. 3 
%aT. PlzioV^XiiO. 3%i:}.T. BlziiUXliO. 

0 1 ?oi-:J.T , C a (Ci> »-C {± 0 . 0 0 0 5 ?o tJLh 0 . 0 

1 %l:kT, R EM : 0 . 0 0 5 J;JI±0 . 0 5 VotATS:-^ 

[0010] ( 5 ) 3j:^^BJ!{l^i(t-&S»/^t!lfll3S:ffm«:5r 



BNSDOCIO: <JP. 



411ie9839A_L> 



(5) 



mm^?- 1 1 - 1 S 9 S 3 9 



i: t . 3-50 ^-x 

7"-h-f hSr#tf^3ig>c7.)^g-^ia^-<:'$>o, /^'otasM 

— 5 X 1 03 ( 1 / s ) <7)ii;^j« S®!l|-C'^:5 L 7t^<?) 
3—10 %£'.)1S ^'^;^SEBI(c*D(t ^S:ff^JE.-t]i0^i^(l <7 
d y n (MPa)//r^-ffi5*r-^x-2.H>Ji0 5 >■ 1 0-«- 5 :< 1 
0-3 ( l..''s ) (r)mP*-M&SSMX'm^^i-Lfcm'T^j:m 

5^(7 d y n S 0 . 7 6 6 .xTS + 2 5 0 2r<l.{i.L . 

1 - 5 %<7)Saiis (tm// 0 . 0 s 0 J.:a_h il E-t 

[0011] ( 6 ) lulS ( 5 ) iZi6\,^X , ^mc)i±±(f 
i&m^A 1-3-5 O-C—A 1-3 +12 0T:.i7)?aKeH(:i 
fcV>-C, .A'}'y'J—''^y:^—^— : A-J}\ ( 1 ) s^ifcJ: 

igm(cT) >:ioraf^*> ( 3 ) ^^mfci-X'j^^f^T 

[00 12] 

9^1ogAglS (1) 

AT£ 2 1 X 1 o gA- 1 7 S •• (2) 

CT;g 6 V 1 o g A+ 3 1 2 • • • ( 3 ) 

(7) sg(c. ^^^miztuf^m^mmmMijii^-ti, 
mmj.mx'^mi-zM^ifrj:msi>bn>mz:. o. ix 

( A c 5 - A c 1 ) + A c 1 Clc'JLh A c 5 +50 CVJ.T 

<7)is,mx' 1 0 3 h-im L fzmz . i - 1 o c . fi'-f.) 

-<X}^»3lK-c-5 5 0-70 o-'C£'Mm<^:>—i$:i<^^{9± 
&mtT)^m , §(#^>r^t: 1 0-2 0 ox/#f)-<?: 

f^^JliIlg-C-1 5 0—4 5 0'C<r.)-<!K{^&ff-±iML&tX<v 

1 5 0-500 *c^)?sKigfflr i 5 ^j-— 2 0 

CO^^in^fefr**. 0. ly (Ac<: -ACi ) +AC, r 

WJi A c s +50 '(:i:xrc.y<s,mx 1 0 S"^- 3 ^jnn i tz 
mz . 1-10 'c/Vy<^)-<x<'vtsimmx' 550-720 

T 1 0-2 0 0T'./|j'-i7)-?^:J^a]j£Kt:\ iSmiJ-iiM 
MiS(tToT-~^^.5>iS^ : Tern- 1 0 O'C^Ji, Te 
ml;i.Tcr>~<!K.<^tmT-^T e tXi^& Lfz^k, T e. - 



5 0 VM± 5 0 0 -CWTi^ia^T o a T 1 5 2 0 

ffij^L, m'S,tX'<m'ti>:it. iimt-t^&m'jiz 

:»-^T'3-5 0?o<^Sg3i--:7.7^-h>f h$:t-tfig3ffl*: 
'■) , A^-offl^M^-c'0 5o^Il 0%OTi') 
i^3gfJSr4;t^f*, 5 X 10' — 5 X 1 QS (1 / s ) 
coMi^M^imX'^^ l fz^<7) 3-10 %<7>ffi^m^*E 
ffl{C±J{tS^JSi]0^%flc7 d y n (MPa) //T^^iBSr 
-¥-;i'5>ffl[i7)5 X 1 0-« — 5 X 1 0-5 ( 1 Xs ) c^m^M 

mwmx-mj^^iitzm'jti:^mj:immiziMi^Bi±m-ts 

TS (MF'a)(;J:o-C.ft5a$iL^5^<7dy niO. 766 

X T s + 2 5 0 s-M'^ t , 1—5 %c^)jio:@'ft; 
m// 0 . 0 s 0 ^MS-r s 'ffije^^mmsr^ 

[00 13] 

-mc^^mm^iTtmmmmuttu. mmzmmx'^y' 
uxfSimMJL7:m-tz t izj^-^xma^tLh mm.<^> 
mm^(^ymmt. z<7>X'ji,zLxmL^ivrzmz—m!^ 

\,z\,i^f^^i-ikf^ixfzmz1]iathtih. m-^X. Z(7) 

J: 'jiz^m'^<^)i}nj:, mMm^nif^mvmhiifzmz 
[00141 tnsms^mftt^m^ 

iRfflgPW t I X (^)M^&mmz':> (, »-C M:^c^M^<^)v& 
Ittt* jn-tiS§S«^«Rti3i IX ^^^^Zt tim^n Ltz . -t 

xmmzmm^it^ixhy :Ly-f hioxv^. ttzu^-^ 

3-50 %tt^m smt cMkmi^xh ^>m-^iz 
m^immm^tEM^^^-rzt^^^^fzi. ifz. tDWs 

^ nffl^S^'.)!! 3 ia (c V .?l -r >-9--f h $r ^tsm^Mmx$) 
tz, 

[0015] mz. :^?mmhii. ±MmM.izm':^^m 

^mLmm(r)mmii{:zw^-th^%^i^mt. sne 
<t T im-k 2 0 % Jri±iwa-r s i. .t) is ^ 
LT 0 %je 1 0 ?6'i.:JiTc7)Scia*<:^4^t-*) c: 1 1 

-g.^ .h-c\ mn±Wih i,x<7)=r^wM!^)m))ii'm.-tt 

ZtiM^X'hhZt^^^^fzltz. Vir^X. :^^mz 
ti\i^Xii, ^W^<^:>t\iXmz4-z.i^>ix^J'^mS.t VX 
fflSS^C LXO%m. 1 0 %l:).Tc^)S^1^^MiKltz. 
[ 0 0 1 6 ] H *^Bg(Ct3(t-S.^5IB*i')ffi5^x;T^ 

n-^'-mi\)Lm<^)t^mx'$)7^ , 5 x i o^ -5 x 1 0 
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* ( 1 ' s ) co^T^mmimT^m l^b^ o 3 ~ i o % 
cntsmm^^mizniih'^mtxT^^i^mc d y n tif 

H*l5:iRW?iK ( T S ) ( ZiUi . 5 x i o-i 5 x i 0 

-s ( i,.'s ) cr>m^msMmx'mm^iLt-Mm^'^m*o 

[0017] :7a> h-tf-f K.x >'<—m^ym^W\zm^ 

m-.Tii4 o%l.:JJt^7.)lsv >^AiT••^ff^^^)^3i^T•■ 

t>&LiOi50. ©lRx.7v/l.:J?-^f3tJC7)7 0.%J.:Ui//, aiS 
f )Jotj 1 0 ?oWTOS;^4EllT-©lR$i(.-C 

X10'~5X10« (1 s ) cOSi^ijESiEfflTSa^ 
L /cB#iOffi ^'S^T- 3-10 %OMmc^)^m&ii cdy 

[0018] >r c7.mM^nm^) 3 1 0 ?f.£0¥%j5D?] o 

S#e'5^?l?I03S]e I 5 X 1 0-«-5 X 1 0-« (1 y's ) 
Srkm^ : TS (MPa) I erj^mz^-ryXi^^ <^^Zt 

■5>. ia!'>T, IrI— iO^ISiDSSK (TS) T\ «^-^<7dy 
riSr^offlM*JM^Li >,. zcnm^t^h. 0%ts • 10 
%aT<')f-^^^ttzm. 5X102 -5x10 

f ( 1 s ) crym^mmmmx^m itzmc) 3—10 % 

c7)lf S MJViEHItC *5 (t I. ^iFJE<^J(7)¥J^ (i <? d y n ( NP 
a)//i^S:iK2r-¥-;t^B?<7.)5 X i 0-«— 5 x i 0"* ( 1/ 

( t ft^C^ij T S ( MPa ) J: T $ ix S 5t c? d y n 
-TSa-0. 234XTS + 25 0 "srm.fii-Um 
{i. ^gCWh L-<:i'.)1BSSPSiRx.^^/l.=^-iKJ|Xii|r/;i:ft!l<7)li 

i^i-l'm^mmmrim-ti>Zb-/}^X'^ ^.Zt 2rl.V > 
n:" L . 4-t5±ieMff!3* odyn-TS^-0. 234 
xTS + 2 50{i<7dy nSsO. 766XTS + 250 

t mmxh h <7>x' , i:m cr a y n ^ o . 7 6 e x t s + 
2 5 0 o)i^^ m V ^xtrnth . 

[00 1 9] JiXtC. iiH®5^^^1±*|H]± 



«7 d y n^%»)hZtif^iimX'hhZb iftiaL 

iii>t. m2^xtm3^zw^-tX'ji:z. mmniMit^^ 

tkifiO. 0S0±. 4fiL<{40. 1 0Sy.±):-tl..r 
r^f/c3t*x2;5.i-5%c?)jDXiSfl:Jgm*4 

0 wji . if i L < « 5 4 t^jjb t-ttzh x'mm<7mm^ 

«lfWgS%*J J:t^ff.® S X jpxJl-fWMil t cmi^X?*-^ 

±.Lxv^hzt -/j^j- 0 . ^mmm^tt<7^mmmm^^ 
oim tlx. m-^^immi^'^.fix'jbixiimw.cMJL 
mitmm.x\ tfz. mmm-^mtj:iamm(r>mtfi:&^ 

>i-h\ij:mitmkxmMi-z->ztti-^^xh^^ t^i^^,. 

[00203 ffil6lJX.:t.yl,^-iKIRa{±, 04 a , 04 b 

iiXtmA c izTf^itzx o^j:m^s.mwmmzi: o<5:^o 
X 0 (-2 txii^Kbfz. 114 b iz^-tx 0 izmmmmi^m 

:\t ( r?—- ^-R = 5inni) (CBJcfllJL , 7feifflfl5 . Smm^^m 
mC XD^'J 0 . 9 i§<7.-)m.mX 3 5 nini f y f- 

■C'-^x.-tf <y h 3 s: t . 04 a C^-f <fc d tc 2 Oi?>^M 

ifsiztm>^2^mxitzms'a (y^ yhm^tr^n ) > 
L s $ 'o iz 17 0 'c X 2 0 ->j-;7)^^ # ni-fmm ^n-o tz 

ik, m4c I.ZTjk'tX 'J (Cjilj 1 5 Oks<r)^m4 1 0 m 

S^{iiai2I<5';)®!S//"^.S:{i= 0-15 Omm^-J^l^fch^*^ 
ai LX , ISa^x -Txyi. Jf-qgiRfi i: L /c. 

[00213 mwLi^m^ 1 - 5 xmajLm^ti^m. ^tft 

33-$ xm;^a 1 -- 5%c^)1}aTMiti^mUiXir)X o izix^ 
5 Omni, ^4TlS<i2 5«ini) (CtnXL, SMSC 00 1 

/ s x'^mwm L , pjf^gs $ t jnxJSTti^ ( i — 

[00223 mm.^z^^ffm.'^ir-xn'^-i ht^w^-t 
l> t . ( ijXBB# ) (cm;^ 2: g(t ^ .h i 0 

^*^?.f^ffl^^< t/ii^jrp$ij Lxmm^^-m^z>\m'z:^ 
5 0 % x'h 7^zt -/m i L V ^ . -t^^-h-h . ^s^r- 

5§S:-ff:?-J^ WcP«(cfti L/^aaXigO (htf^SrffeJf ^ ^ i: // 

x't-r, ^mmm.-fm^^v^>Hz±t *)mmmmi)H^ 

^g5!--X'x:>->f h(^Mm-^mi^/5o%mx'i±m^- 
^j:fS.mMj:mMzx o jiMe-j^Jaxise-e/i. x>-^-^ h 
Siwecio. B\im^y-ki'¥i/it]±:fmwx'^-r. m 
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[0023] t.fz. mT&<rm.'^^—y^'T&A YCi-)Wf^^ 
3 ^o- 5 0 ?o ^ ^PKziSPi. . Z. <?m.^^-X^ 

W.T C i: *«Mi L t ^^fr =5: 5 . flStc . Bg:t- 
^ h 5)-^*^" 3 5 0 L T t^T 

5J--..7. x-^-fh * i)a«i#t5[ $ it I. C t //t:- § 1 1 ^^-i^.) . 

i 7 1- 4. L < ti'^-^ -^-iV a)^m^(k<^i)idy^ .0.6 

ii/iWffi^^tt hfiStfMSr^^l-C h*>BB'b3{>H3'5r-:> 

[ 0 0 2 4 3 SgtC. 3|!:^B^#<>{±. P-K;l^i^§l5R5* 
IS ( T S : MPa) ("i^ L T - im L^-^ffl S S^VT" 3 1 
0%47J|EH-C<7.)^*^JS:?3 : c d y n (4gPW'vi7j.tiDi;6i^T 

n^a(Mn eq) :Mn eq=Mn+(Ni+C 
i- + Cu+Mo) /2. tc:J:o-C^il:-f.&C:i://l.t^7t: 

h<7) ( 2 0 0 ) a, (211) ®4oJ:t''':t-XT"f h 
i'.) ( 2 0 0 ) ffi. (220)®, (311) ffifO^^S 

9t^K2'ffl*'»"f , Journal of The Iron and St«el Inst 
itute. 200) (196S). p(iO(.;3n$iL/v::fe"i£(C-C»:tilT-§ 

e q2:fflv>-CftS$il'&li : M>6\ M = 678-42 
Sx CC:j-33xMn e q*»'7 0y.±2 5 01:UT 

Tf-XT^-h^ hf*:m^^ (V^ ) { (V(,) - 

(Vs ) \ ifi^f-'^Wi^^-LhrnoM'^is-y-.^r^i 

Si>J-^f03 0?6W.±-C'S>i.*i^C, |SI-c^S?fl^ai5g^^ 
( T S ) (lit LT i^ii'Sr CT d y n r^j^-T C fc//|3lBt(C.a 

t 'Tt'^fL^C. ::iO*i-&(Ct>l,>T. M>2 5 0T-J4^M6U 

*^o)=tWfm^zmt^xo-mrs^-7^'r^^ h//?is$ 

i ^ji^if^BtiO <7 d y n <r>±MKZ^H- L=^- < - i: 



i;>^'C t t^h , is SS-^vt' 3 %~ i o %<7.)MHtv.)T 

SJClrtLT cr d y nS 0 . 7 6 6 xTS+ 2 5 OO^f? 

[ 0 0 2 5 ] sgg^-:7.^->-^ ho^ffftciatcra 

^ h ) {4S^*:S{tii< , -5-c7,-)iS.« 1 - 5 %m.^cr>^ 

4 0%tiJi. *f 4 L- < {46 0%1.:J.±T\ *^0'ci7)^J^?.S 
a^afifS (Tl^Bia^'fSt^ffi^) ;^?'l 0;LnnJ.::i.T. if 4 L 

%m(^mum>^t'ti>:itijmt.Ly>KW.iz. ^x^-r 

^i.zwm L , mmm^^a x x/mmc^^'^iuz^ 
[ 0 0 2 6 3 -^iv^y^i i>{4. 'c<7)*»5j'^** 

3 3 0 %T-\ L -h^ t -?-i7.)^i^^a^Bf4S ( ^i^Rffl ^ 
S(Cffi ^ ) AS 1 0 ;Lt m tlT . 4 L < i4 6 x£ mOTT vt) 

y^V \,z-si§m^^%^^'^h tc J: 0 

-iil6]±$-t±. J; DJT4 Lv>mi-'<'l-T^,^|^t/c3S$ 
/my*- 1 ~ 5,?oC7.)1!)nH3!ftMicS 5 4 . *»o|^f:/tJtg 7 

C^-^-^/l'-r^-^-^ \-(^r^-&iimzmLXl,i. 
>'-9-'f hi^^ift^g{2^<73#>Sii7x9-< h{:::aiXSSv>fc 
y^h tzfMm-t ^>Zt mj 4 L v> ., ±5$ L 5 ^ 

■^mMmiz-oi^xim-ti, . ^^^mx-mm^ix^-^mm 
mwni. m&%x\ c : 0. o3%w±o. 3%i:).t, 

5 i >: A 1 (^)-1jtfzl±^1o*:-^ifX'0. 5 3 . 
OX'lHT. ^^-^iCJc-CtMn. Ni. Or. Cu. Mo 
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z.'. z^.m^mmmzwjZ'X:^wizmtx. Nb, n, 

V. I'. H. C:-i.-i.tzUHEM<7.nmtf:ii±2ma± 
'1-, Nl:.. Ti. V{.;*iii»T{.j:, ^ixiy<7)imtrc:li2 

K. H(I<M.-:;j:n. 0 1 ",.1:1T. Ca(.Cfov>T(i:0. 
0 O 0 =i"..l-JJi() . 0 1 "...WT- REM : 0 . 0 0 5W 
± 0 . 0 s "..WT'l- S-YT L . ^gn//F e «r±R!t-5f i: -TI, 

[ 0 0 J 7 ] < ■ : * J> . T- % r-;-^ arSjST'^jE-fl: 

T il^ t> 'u^ . r . /- y- }\ I ft C &ii . SiST- 
5i«&T' S 9kW - X -r -J- Y 1 . ftfSEii-^(C|^#$'.a{2'-r 

h 4" (C « (L-^- - •:: -■: . T - 'A T^-h >f h 5^) JnX ( 
•f •5>SyEf+.i-[fil I . S+i <i. - c •//•'■:■■ t? c L A>L . 

m-^mawsai. ^s^r-zv-h-f h«s«»^s:5i«L 

i: tzx '.>xMt Lx<?m^i<^mmfmm^i'L^x 

[ 0 0 2 S 3 S i . A 1 : S i , A 1 Hmzy x 7 'f h 

ztizji-^x mtii'mxit ^ iB]±$ -ti- m ^ fj^h ^ ... t 

Si, A 1 nc-t x >-9^ hi7.)±B5t*rP*JL , Sftm 

Si, A 1 W,^'MCP^-'C u , C r . MoS^//#(f 

1^ ^ ^1 ^ L fj- L =fc . S 1 .b A 1 £7) 1 a t L < ii^j? 

jni$iJi7.)5aW/-|->i-T'^- < . ^-x^-f^ Vcr^mitizm. 

/^s^Tra^*- 0 . 5 %i: Lfv:. sTt: . S i i: A l fniii 



ti. \^^zmxfz^wmj:im%^ixhi%^lz\i. S i s 
0 . \%}:.-thZt^z^ 0 S i .xr-vl SrHiS-r^*', 
S 1 S 1 . 0 % t -r S C: i: {C J; 0 S i a jr-zl-*-:^ 

[ 0 0 2 9 ] M n . N i , C r . C u , M o : M n . N 
i. Cr, Cu. Moii^-C:t— N5g1g(L7C^ 

ftTcSariSMiSsjD^?. .1 1 izj: -j xm^mzit-xy^i- 
^ h^T^&^i:?>Zti)^tl&tKc^, tt:. zixh(7.->7t 
miiiA 1 ^-'S i lii:X-li'-'j:^'-Ji^-t.>(> 9 '( I-i7)±l£*fP 

hm^h^h. mz. zixhi^mmii. a i , s\ t^^ 
iz^ h u -y ^.7^X'hh 7 X N^->'<^ -^--f h ^mm^ 

L*^L. zix(>c^mmc')imtfzii2mi.:). 

^-xy'-h-f h(7>ii(iiskt^x'^^j:<^j:?> tmz. mtt<rm 

TPP^srO. 5?oi:L;^c... Zix h^rt-^if^/ 
3. 5%*rftI;t'I.JS^t:{i. •erffiT'J)?.^ x h L 
< {i-^ ^ -h h ft * JS 3^ , S;^ jSS±#(c J: ^ 

[0 03 0 3 (H-Wlzmtxmu^ix^^ N b , T i , V 
C J: -p T ^ (Lf t >^?'T' § ^ . ^J^lt 

Aso. 3%^mt^i^mzim^xhhy ^"y-f 
<-t< v'^i\>^{,i<{m^{.z-^m.<^)mm, m\m. i> 

L <^imMimt LT^/fUiL. ftilS:Jf5B#^.)'5ItiJ!!£{i,?6 

■t^' Z t -A^ »':>±ll^ 0 . 3 % t L tz ... 
[ 0 0 3 1 3 i;^:. Smizi&tx B^\,mP//mu^ix 

Bit. i&^cmt^-'mn<')^^^ittz^x'h& 
•t^tmzsmi:).±izmmi^&i±^ii-t, ^m^^^m 

i&T^iti, Z b {c^SrScoT. ^(7.y±mi 0 . 0 1%bL 

(^mmzmxfih^fi, o. 2%imz.xmm^ixfzm 
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■ H.I' It ' c-t 0 . mm {trHzf^m^'tt) ^{^±^-t 
^-.i;.!.! . 0 0 0 5"oi:).±mai-^iiK ^<r>^^(^M 
hi m„d irfF?*ii«tn{2 J; roiSi'iSJIim ( fzmfit^ft ) o 
•'<..':••". mii- 0 . 0 1 %t ti-z . ttz, FiEMiC a>; 

\'Mi.->'^ri[t-hy^>fz^t>-i:cfxixmWi^ o . o o 5 %~o . 

II =^" - r L 

liHi ^ s) Mz. :^mmzXZ>',si^Mmni:'i%^fzib 

< ( i • u . ii.'n L mzmf^m*: irctk. mssM^ 
w b ^Tiitc.?. >v' . 7 :>! i7 1- (/t<fif 7i-^^)fiT - mmw. 

^M/MiZiii'f^m^lW ( tUlWffln-J?) {12 3miiim±h 

v - -c Jf'-iit i 1. 1 > .. i . ^ ^)^m)±mizii I fi , 

R¥':"i7.l±^'iMmi±iii^>\S\m^J'':. 5 0 Ompm tJLh, *f 
s-Kii i.> 0 c.) Mpni W±T^^*- 0 .1 > A'.4if * L I > . 

[00 3 1] mz. mm^mmc^mimzii^-^x . ± 

o-Ci-n^'!;. A r, - 5> or-- A +12 0 CCnflJE® 
W-C'i-f --' ~ 'c mi t. L I V. A r:5 - 5 0 -C^SlTtltlDX 
7 X -7 -f h ?j'ibhJc L . §W'J'a;?f5iKJjt o d y n , 1-5 ''o 

cmTmitm. m\:m.-±^itt^*i^. a v., +120C 

e • = ( V / v'R X h , > X ( 1 .. 

[ 0 0 3 9 ] li , : Sk^i ' /.BSI^IS 

r : ( h. ) h, 

n : n-/l. S 

V : m^^'yy-tammm. 

AT: (i±(faii^ (f±±flJif=?-.M-.X|Ll(Ryjais) -tt±{f7s 
IRliiSia; ( (±±(mi vz7J!njjS)ai ) 
A r : <) 0 1 - 3 2 5 C".-,+ 3 3 S i %- 9 2 M n,., 
'c-i7:)f«, •:7>r'*7 l--i--y;i.(c^i;(+7p^J^;jjJ}li.ii&'$:5 



y n , 1 ~ 5 %(^ymiM.\mm-k'^\'L^^h}LMz7<'r 
M{15°C..- 's e ciyjiT-J).?.. i^^aiilglC-Pt^TJi^S 

[0035] ?»r^E®$n/ii0ig{i#§B5iDxs 

h-hmt. L V''. C:i'J^^Iil0i&S*''5 0 OX $r«i/:-?..b 
^.■t-xr-^'f hd6W^<7.)|ST75>»'e^-S.. t.fz. -e/l" 
-f >-^f h -rif v->*§-^(c{iCc7.)##B3; O^SS^ 3 5 0 

0. Mtc^^SL, mM\^x^mz'^k^ixi>^mmcyn, 

[ 0 0 3 6 ] ?f<C. 2t;.?&B3(2:fev i-Cim^mciitt-S. 

1-3 + 1 2 O Cc'.)}SS^H(c:fcV >T. .>< 7 ^<5,>f 
: A//. ( 1 ) 3(:4-:>iy' ( 2 ) sSttritT^^-^ct -5 

- : At(±y.Ti^)J: 0 (c«;J?-rc: fc*«-<:'^ S . 
[ 0 0 3 7 ] A= e" X e X p { ( 7 5 2 S 2 - 4 2 7 
4 5 X C^p ) /' (. 1 . 9 7 S .< ( F T+ 2 7 3 ) D } 
fzfi\^. FT : tt±{f?SJg CC) 
C e q : ^« ^'fi = C + M n , , / 6 ( ?'6' ) 
Mn^^ : -7>'*'>-ia = Mn+ ( N i +C r +Cu+M 
o) /2 (%) 

e* :ift*^AN"XSy5*^iI^ (s-i) 
[ 0 0 3 S ] 
[SiCl] 

/T) X 1 n { 1 .'^ ( I - r ) } 

>:.m%wy^^ (CT ) yotm-jf k^M^^mtz-ti- 

[00403 

9s£ 1 ogAsil S • ■ < 1 ) 

ATS2 1 X 1 o sA- 1 78 • • ( 2 ) 
C T^ 6 X 1 o s A + 3 1 2 • • • ( 3 ) 
HUlE < 1 ) 3l:fCtJl»-C - 1 o gA//9*Jf|-C'Jl?SS7'0 

-^mmi c d y n . 1-5 %i7)aoni5E \ttm $r ft $ -ti- 
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^m/mizt tfz. (2) ^izio V , ( 2 ) 5t 

. ( 2 ) mzw. t/:: J: 3 tc A T<rnmi i o g \<n& 
(c. ^§IROaaiK*> ( 3 ) ^£0Wf^S:)1l^$^rV >i: . ?S 

(cec /i-r, tue^^-jf^fito d y n , 1-5 %ayss\iM 

[ 0 0 4 1 J 'Srfc. tDS8v/L -r>-t>f b ^mm^3%<^) 

±Tii!^smizn^tu ir.^-^-cmi^t^^imtzmm 
immzH^tLh, zcommi. m7iz^.-txoKi:i^ii 

X^-C'M*l!t-CS$t>W'5rKirai:fl.^(c, 0. ix (a 

c J - A c , ) + A c , "CtUi A c <: +50 r l:-J.Ts7)?a 
ST o T- 1 0 3 %^m. Vfz \UZ , 1-10 '■Q./^/O) 

-m^mmM.-x:^ 50-72 o 'Ci7)«EHc7Wj'u^inff± 

iJamTqiT^^JPL . 10-2 0 0'C.yfp(7) 

ToaT-l 5#— 2 0^«itL, ^■^fC-;%4n-t-5> . mi 
i&m'&mr o {4 , ^W^-Jfl: Wii-t J; ->xmti> iS^ 
Aci fcitXAcj (<??IJ;i{^, ("ife^WISt^j :W. 
C. Lesliel^, jtL#, P 273. ) T'.^^fL-^, 0 . 1 x <A 
Cg - Ac, ) +Ac, 'CmMi^y^^MZli. •J^JtjajST' 

0 . 1 X ( A cj -Ac, ) + A c , -CstTIK t L 

MMjS«^)±|!R$:Ac3 +5 0'Ci:L-?t,. ^ic^JSKT-iO 

m(?:)fzll^^z&1&l omj±'.z^mx'hz>^j^, 3-«-*r^,ts 

[0042] fJK-iW^rfflii. yt-Xr-f-^ h^j^r^, 7 x 

zcy<%mmm:f}n'cyfif^.miz-t&t. M:iz^j:± 



M+oHSTf-XT^-h-f hiif«*^Wf{='5:l./v:*^l or 

■i v^fE.\t7mxhi>cc>^wm-h'^m^^') . &m'ii.z-\-^ 

tmrnti'^T 2 O'CtstXl^^myixy^-A'-ytzm^Uiy 
i ^ ^ h'^m.^M'ifi-J^+jfX'^ <^^. 
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